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Investigation of the Major Histocompatibility Complex in Cattle and Its Association with
Economically Important Traits
Noelle E. Muggli, Michael J. Stear, and Roger T. Stone'
Introduction
Efficiency of animal production could be increased by
reducing losses due to diseases. Therefore, disease
resistance is an obvious trait to include in a selection program. However, how to incorporate this trait into the program is a difficult question. While it has been experimentally shown that selection for resistance against specific
diseases is effective, it would be impossible to select for
resistance to all potential diseases. Also, selection
studies in mice show that increasing resistance to one
disease can result in increased susceptibility to other
diseases. This may be because antagonistic relationships
exist among the mechanisms of the immune system.
Thus it would be preferable to use general resistance to
disease as the selected trait in cattle.
As for any selected trait, disease resistance must meet
three criteria. First, there must be a reasonable economic
weight placed on disease resistance. There is little doubt
that disease costs can be extremely high because of
reduced production due to mortality, morbidity, and
subclinical infections. Second, genetic variation must exist. Several experiments have established that there is
significant genetic influence on disease resistance.
Finally, the selection procedure must be accurate in
estimating the breeding potential of selected animals.
While an accurate method of assessment would be to infect all animals and select those that survive, it would
be very costly. A preferred, indirect method of selection
would include the use of genetic markers that are
associated with, or closely linked to, the genes influencing disease resistance. Potentially, a newborn
animal could be tested for these markers and evaluated
for lifetime resistance, since an animal's genetic potential is not altered throughout life.
A set of genetic markers that is associated with
disease resistance or susceptibility has been identified
in humans and laboratory species. These markers are
genes that belong to the major histocompatibility complex (MHC). The MHC is a cluster of tightly linked genes
discovered in the late 1930's in mice. It was first implicated as the genetic basis for rejection or acceptance
of tissue and organ transplants. In 1963, it was also
demonstrated that the MHC determines the degree of
response made by the immune system against foreign
molecules or pathogens. The MHC spans a short segment of chromosome and contains genes that code for
variable or polymorphic class I and class II proteins. Class
I proteins, found on almost all nucleated cells, are involved in rejection or acceptance of grafts as well as
tumor rejection and elimination of virus-infected cells.
Class II proteins, found predominantly on cells of the immune system, are involved in regulation of antibody production by the immune system. The MHC of cattle is
called BoLA.
Because of the previously defined association of the
MHC with disease resistance, a project at MARC is in'Muggli is a research geneticist, Genetics and Breeding
Unit, MARC; Stear is an assistant professor of veterinary
medicine, University of Nebraska-Lincoln, stationed at MARC;
and Stone is a research geneticist, Genetics and Breeding Unit,
MARC.
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vestigating the possibility of using BoLA polymorph isms
as genetic markers for assessing disease competence
in cattle. To accomplish this objective, several studies
of this genetic region are necessary. First, definition of
class I and class II proteins or genes coding for these
proteins is required. Secondly, the associations with
diseases must be defined. Finally, before decisions can
be made on which markers to include in a selection program, the associations with economically important traits
must be estimated. If an antagonistic relationship exists
between a desired MHC marker and a production trait,
severity of the associated disease must be assessed
before the marker would be included in the selection
program.
Procedure
In all studies, class I proteins were defined by
serology. To develop antibodies used in class I serology,
white blood cells are first isolated from a blood sample
of a donor cow and injected into a recipient cow. An immune response is mounted by the recipient against cell
surface proteins that differ from its own, primarily against
class I proteins. Antibodies specific to the donor's class
I proteins are isolated from serum of the recipient. By using various combinations of donors and recipients, a
panel of antisera recognizing 37 different protein determinants has been developed. In family studies, these
determinants behave as alleles of a single class I locus.
The antisera are used in a microcytotoxicity assay to
determine the class I proteins for each animal tested. To
do this, white blood cells from an animal are combined
with each of the antisera and with rabbit complement,
a series of blood proteins that causes cell death in the
presence of an antibody-protein complex. If the test cells
have class I proteins that are recognized by the antisera,
an antibody-protein complex is formed, and the complement responds by killing the cells. Thus, if an animal is
positive for a particular class I protein, its cells are
killed after incubation with the corresponding antisera
and complement.
Because class II proteins are found on a limited
number of cells, generating class II antisera is technically
difficult. Therefore, an alternative method of detection
has been developed which detects differences in DNA
sequences of the genes coding for class II proteins.
These differences appear as variation in length of DNA
fragments when total DNA from each animal is digested
with restriction enzymes, separated by gel electrophoresis, and hybridized with radioactive probes made
from the genes of interest. These fragments can be identified as codominant alleles.
To test for differences in cattle class I proteins and
class II genes, blood samples were taken from
straightbred cattle of the Germ Plasm Utilization (GPU)
population at MARC. These animals were born in 1984
and 1985 and included Angus, Brown Swiss, Charolais,
Gelbvieh, Hereford, Limousin, and Simmental breeds.
Blood samples were also obtained from 1984- and
1985-born male calves of a MARC population selected for
increased twinning rate. Class I types were determined
for these males.

Results
W6 was significantly associated with paired testicular
volume. Those bulls with W6 had a mean paired testicular
volume 85.2 cm3 less than bull calves without W6. This
allele was present in 21.3% of the Charolais.ln addition,
the class I types of 102 male calves from the MARC twinning herd were examined for association with expected
breeding value (EBV) for twinning. Males with the W6
class I allele had a significantly higher mean EBV for twinning than those without the W6 allele. The associations
with reproductive traits are being examined further by
testing cattle born in subsequent years.
To begin the investigation of genes coding for class
II proteins, DNA sequences were determined for the
coding regions of two cattle genes. Comparisons with
the published sequence of a human class II DR 13 gene
indicate that the bovine and human DNA sequences are
very similar. A specific coding region in the two bovine
genes has a 90% identity with the corresponding region
in the human sequence. Other regions have an average
identity of 76%. One of the bovine genes contains several
errors in its sequence that render it nonfunctional, while
the second appears to be functional. Using portions of
the two cattle genes as radioactive probes, 185 GPU cattle (50 Angus, 31 Charolais, 58 Hereford, and 46 Simmental) have been characterized for differences in size of
fragments containing these genes. Only one Charolais
had a different fragment size for the nonfunctional gene.
More variation was found for the functional gene, but
variation was dependent on the breed. All Herefords had
one fragment size, while two sizes were found in Angus,
Charolais, and Simmental.

Striking differences were found between breeds in the
presence or absence of certain class I alleles, and the
combinations of class I proteins found within each breed
were unique. In Table 1, the numbers of animals tested
for each breed are given, as well as the numbers of class
I alleles identified within each breed. The Hereford and
Simmental cattle tested were more homogeneous than
the other breeds, as shown by the proportion of
homozygotes found within each breed. Two Hereford
cows were more likely to have the same combination of
class I proteins than two cows of the other breeds, but
the probability is low.
The associations of class I alleles and growth traits,
specifically birth weight, preweaning gain, and postweaning gain, were investigated in a subset of these animals
including 139 Angus, 109 Charolais, 111 Herefords, and
107 Simmentals. The mean growth trait values for animals
with a particular class I allele were compared to the mean
growth trait values for animals without the allele. Significant differences are given in Table 2. Since breeds differed in allele frequency, the allele effects on these
growth traits were examined breed by breed. No allele
was associated with more than one growth trait.
The relationships of class I alleles with reproduction
traits were also examined. In the first study, class I protein types were determined for 243 GPU bull calves including 85 Angus, 47 Charolais, 58 Herefords, and 53 Simmentals. Also, paired testicular volume (an indicator of
sexual potential) was measured on these same males at
approximately 1 yr of age. Of the 11 alleles present in sufficient numbers of animals for statistical analyses, only

Table 1-Number of alleles and proportion of homozygotes for class
proteins detected in breeds of the Germ Plasm Utilization Project
Breed

Angus
Brown Swiss
Charolais
Gelbvieh
Hereford
Limousin
Simmental

No.
animals

No.
alleles present

Observed
proportion of
homozygotes

Probability of
two cattle having
the same genotype

139
51
109
56
111
58
107

14
13
20
15
10
12
13

.17
.20
.09
.11
.34
.19
.34

.05
.06
.03
.02
.12
.04
.11

Table 2-Allele effectsa on growth traits measured on cattle of the Germ
Plasm Utilization project
Trait

Birth weight

Class I allele

Breed

CA5
CA45
Eu12

Angus
Angus
Hereford

W10
CA12
W5
W8.1
CA40

Simmental
Simmental
Hereford
Simmental
Charolais

Effect (kg)b

-.8
+.5
+ 3.2 (1984)C
-2.7 (1985)C

Preweaning gain
Postweaning gain

-3.0
+3.4
+ 12.1
-11.9 (1984)C

+ 18.5

"Allele effects were calculated as the differences for mean growth traits of callie with the class I protein minus mean
growth traits of cattle without the class I protein.
bAil differences were significant (probability < .05).
'Birth year.
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